In Jeju Island, red sea bream is mainly caught by long line with a live squid as bait. The movements of artificial jigs in the fishery are supposed to be an important factor for catching the target organism as well as bait. To develop new fishing method for long line fishery, movements of the bait which was squid were tried to be characterized. In a water tank experiment, a live squid was hooked by a fish hook attached to a model long line. And then movements of squids in the water tank were recorded for 20 minutes by a video camera.
INTRODUCTION
For the species, which include red sea breams (Pagrus major) , that are aggregated around the reefs, fishing is dependent on long line fishing gears instead of the bottom gill nets or other netting gears, due to the undulating seabed topography.
The process of catching fish with the long line is a simple method which waits for fish recognitions and bites on the bait hanging at the hook. Therefore, the phase between the fish' s recognition of the bait and the visual stimuli from it is an important factor in catching the target fish.
According to the empirical knowledge, it is known that using dead squids for bait does not attract red sea breams and using other popular baits such as kuruma shrimps and lugworms increases the possibility of capturing needless targets such as rockfishes. Due to the all reasons stated, live squids Characteristics of periodical movement of live squid (Todarodes pacificus) hooked on the branch line of a red sea bream long line become an ideal option for bait to catch red sea breams. The issue is that squids cannot survive when the water temperature is higher than 27 degrees (NFRDI, 2000; Lee et al., 1985) . And those fishers cannot continue fishing during the summer period even when red sea breams are still available to fish around the reefs resulting from the higher water temperature for the squids. Tamura (1952) conducted an experiment with sea basses (Lateolabrax japonicus) in a water tank in which he suggested that fish recognizes baits in two ways depending on the state of their movement. When the bait is moving, the fish perceives it as the bait, and when the bait is static, the fish perceives it as an irrelevant object. From this experiment, it is suggested that when a visual stimulus triggers the fish' s feeding behavior for catching, fishing can be successful with a proper visual stimulus that can artificially substitute the movement patterns of live fish (Tamura, 1952) .
The authors assumed that the results of the sea bass experiments could be applied for red sea breams and those fishers in Jeju Island area would be able to fish red sea breams without live baits if the movement patterns which can lure red sea breams are identified and a machine which can provide the moving patterns is developed. This would result in extending the currently limited fishing period to the summer.
In this research, the movement pattern of the live squid was assumed to be the optimal movement for catching red sea bream. Especially, the purpose of this study was to identify the characteristics and patterns of the movement of squids hanging from the branch line of a long line fishing gear.
MATERIAL AND METHODS
The experiments were carried out in indoor water (Okada, 1965; Sudo et al., 1987) , it is appropriate to observe the movement patterns of squids before sunrise. In this experiment, we put a live squid on the hook of the gear and observed the movement from 22:00 to 04:00 in the following day, before sunrise.
Though light entered the experiment room slightly, there was no change in the movement of the squid caused by this change of the intensity of the illumination and any change in the characteristics of the movements which would be affected by the long duration exposures. Therefore, we assumed that the swimming of squids would not change according to the exposure time and duration in the water.
From the above, the observation time for one squid was fixed at 20 minutes. After recording their behavior, the squid in the experiment tank was replaced by a new one from the holding tank sequentially, and this recording was continued from 22:00 to 04:00 the next day, before the sunrise.
One day before the experiment, the squids were caught by the same method employed by the red sea bream long line fishers and were stored in the holding tank, which was kept at the same water temperature as in the experiment tank for one day.
The methods of hooking the squid to the model gear were the same ones used in the red sea bream long line fishery around Jeju Island: inserting the hook into the thin layer part of the mantle (hooked at mantle) or penetrating the funnel around the mouth (hooked at funnel). In the experiment a total of 13 squids were used, 7 squids were hooked at mantle and the other 6 squids were hooked at funnel. Their total length and weight are shown in Table 1 .
Considering the lighting condition of actual -229-
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Where Cx and Cz are the rates of the real lengths to the pixel numbers for the horizontal and vertical on the PC screen, respectively (Bae et al., 2011; Petrell et al., 1997) .
RESULT Movement patterns
The characteristics of the squid' s movements were observed from the video recordings. In the beginning, the squids acted as if they were trying to unhook themselves and the branch line hanging from the top of the tank remained strained.
Afterwards, the squids swam in various directions and following different patterns, which resulted in the branch line becoming looser than in the -230- 
PT1
The squid tried to remove the hook and pulled the line strongly. The branch line was stretched in this behavioral pattern only.
PT2
The squid moved up and down periodically.
PT3
The squid moved horizontally while turning its body.
PT4
The squid moved obliquely upward and downward and the speed of climbing was faster than that of descending.
PT5
The squid kept its body axis horizontal while it moved vertically. Table 2 and divided into 6 patterns ranging from PT1 to PT5 and ETC.
In addition, the movement patterns were divided into two types of, Wide (W) and Narrow (N), according to the range of the movement (Fig.2 ).
-231-Characteristics of periodical movement of live squid (Todarodes pacificus) hooked on the branch line of a red sea bream long line by fin movements. As described above, the movement direction, and the way of swimming and the speed were absolutely different between PT2-W and PT4-W. In PT5, while the squid maintains its position with its body axis almost parallel, movements of the fins and the arms are observed.
In Table 3 , the appearance frequencies of PT1 to ETC according to the hooking position are shown as the ratio of the time duration of appearance to the total observation times.
In PT1 and PT3, the movements both by hooked at mantle and hooked at funnel were appeared very few. In PT2, the movements by both hooking methods were numerous. In PT4, though the movements by hooked at mantle were observed, the movement by hooked at funnel was not. In PT5 and ETC, the movements by hooked at funnel were observed more than those by hooked at mantle. The most typical movement of squids in this study shows the amplitude of 10.8cm at the dominant frequency of 0.125Hz and this is equivalent to a speed of 5.4cm/s. Tamura (1952) explained that a movement slower than 5cm/s can be considered as the static movement in his experiment with sea basses. For sea bass, the representative movement of squids or movement with the higher frequency of the squids can be said to induce the predatory activity. In addition, this can be applied to red sea breams, which are found in the same suborder. On the other hand, in this study, though the typical movements of squids were assumed to induce the predatory activities of red sea breams which are the fishing target species, our other study with red sea breams must investigate if the assumptions were true and if the typical movement explained in this study is the best visual stimulus from the red sea breams.
Based on the results from this experiment, the movement of red sea breams to the periodical movement with various frequencies higher than 0.125Hz and the best frequency of target movement to induce the predatory activities will be clarified by our further research. In addition, the relationship to the typical movement of squids will be investigated.
